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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a new 
method for improving the fatigue life of metal 
materials, which solves problems in the 
conventional fatigue-improving methods for 
metal materials like reducing stress 
concentration and introducing compressive 
stress, as an construction efficiency, a skill of a 
builder and a quality control can not be 
conducted because there is no means for 
measuring the improved effect. 
SOLUTION: The method for improving the 
fatigue life comprises pretreating a portion 
which may cause the fatigue of the metal 
material, treating it with ultrasonic shock, and 
subsequently conducting a quality assurance 
inspection, to improve the fatigue life. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The improvement approach in a fatigue life characterized by raising the 
fatigue life of the metal material concerned by performing ultrasonic impact 
processing and conducting QA inspection after that further about the part where 
fatigue of a metallic material poses a problem after pretreating. 
[Claim 2] The improvement approach in a fatigue life characterized by not to 
perform the process to which ultrasonic impact processing carries out and such 
metal internal stress and surface stress change after ultrasonic impact processing 
about the part which performs ultrasonic impact processing of metal material, and 
its near part in pretreatment of the improvement approach in a fatigue life 
according to claim 1 after performing the process to which metal internal stress, 
such as plastic working, and deformation correction, heat treatment, welding, and 
surface stress are changed. 

[Claim 3] The improvement approach in a fatigue life characterized by not to 
perform the process to which nondestructive inspection and ultrasonic impact 
processing carry out and such metal internal stress and surface stress change 
after ultrasonic impact processing about the part which performs ultrasonic 
impact processing of metal material, and its near part in pretreatment of the 
improvement approach in a fatigue life according to claim 1 after performing the 
process to which metal internal stress, such as plastic working, and deformation 
correction, heat treatment, welding, and surface stress change. 
[Claim 4] The improvement approach in a fatigue life characterized by removing 
the crack by the grinder, gouging, etc. if a crack is detected about the part which 
poses a problem of a fatigue life in pretreatment of the improvement approach in 
a fatigue life according to claim 1 after carrying out visual inspection, a 
penetration inspection, magnetic particle inspection, fault style flaw detection 
inspection, etc. 

[Claim 5] It is the improvement approach in a fatigue life characterized by 
checking that a crack is not detected flat and smooth after carrying out visual 
inspection, a penetration inspection, magnetic particle inspection, an eddy current 
test, etc. further, finishing and by the grinder after performing welding padding in 
crack removal of the improvement approach in a fatigue life according to claim 4, 
when the removal depth becomes deep with 5mm or more. 

[Claim 6] The improvement approach in a fatigue life characterized by processing 



to the toe of weld section in the weld zone of metal material , the HAZ section , 
and a weld zone , introducing compressive residual stress , defanging the minute 
defect used as the origin of fatigue generating in ultrasonic impact processing of 
the improvement approach in a fatigue life according to claim 1 while making a 
configuration deform so that it may be hard to produce stress concentration , and 
controlling crack initiation . 

[Claim 7] In ultrasonic impact processing of the improvement approach in a 
fatigue life according to claim 1 The saw of metal material, While making it deform 
so that it may process to the cutting plane by cutting by shear, gas, laser, the 
plasma, etc., and its near and stress concentration cannot produce a configuration 
easily The improvement approach in a fatigue life characterized by introducing 
compressive residual stress, defanging the minute defect used as the origin of 
fatigue generating, and the part hardened extremely, and controlling crack 
initiation. 

[Claim 8] The improvement approach in a fatigue life characterized by using 
ultrasonic impact processing for the crack below the limit of detection in 
nondestructive inspection, introducing the compressive stress by blow in 
ultrasonic impact processing of the improvement approach in a fatigue life 
according to claim 1, and stopping progress. 

[Claim 9] The improvement approach in a fatigue life characterized by introducing 
the compressive stress by blow into the crack below the limit of detection in 
nondestructive inspection, and stopping progress more certainly in ultrasonic 
impact processing of the improvement approach in a fatigue life according to claim 
1 by performing ultrasonic impact processing more than a two pass about the 
same part about the part of the structure with which we are anxious about 
generating of a fatigue crack, and a structure article. 

[Claim 10] In QA inspection of the improvement approach in a fatigue life 
according to claim 1, templating material, such as figure material for dentistries, is 
used, about [ or / R (radius) at the tip of a tool ultrasonic impact processing 
which scanned with high precision measuring machines, such as a laser 
displacement gage, and took the mold of the configuration after ultrasonic impact 
processing, and the aspect of affairs of the processing side used for processing, 
and ] — I am doing one — Moreover, the improvement approach in a fatigue life 
characterized by checking that the fatigue life has improved by having improved 
the configuration in the part which processed by checking having produced plastic 
deformation in a depth of 0.05mm or more compared with processing before, and 
having introduced compressive residual stress. 

[Claim 11] When ultrasonic impact processing is performed as a stationary 
process, in QA inspection of the improvement approach in a fatigue life according 
to claim 1 The check of an ultrasonic impact processing tip tool, and the check of 
a device output setup, The improvement approach in a fatigue life characterized 
by checking that the fatigue life has improved when the configuration has been 
improved in the part which processed and compressive residual stress was 
introduced by the check of generating of the plastic deformation in the processing 
part by viewing. 

[Claim 12] When the thing or the doubt that deformation was formed of ultrasonic 



impact processing arises in QA inspection of the improvement approach in a 
fatigue life according to claim 1, By checking that the organization is doing grain 
refining of the processing front face in measurement of the deformation formed in 
the surface of metal rather than other parts which gaze at the organization on the 
metaled front face of the maximum, and are not processed by the sump method 
The improvement approach in a fatigue life characterized by distinguishing what 
the deformation formed for of ultrasonic impact processing. 

[Claim 13] When the thing or the doubt that deformation was formed of ultrasonic 
impact processing arises in QA inspection of the improvement approach in a 
fatigue life according to claim 1, By checking that the organization is doing grain 
refining of the processing front face in measurement of the deformation formed in 
the surface of metal rather than other parts which measure the particle size on 
the metaled front face of the maximum, and are not processed by the ultrasonic 
particle-size metering device The improvement approach in a fatigue life 
characterized by distinguishing what the deformation formed for of ultrasonic 
impact processing. 

[Claim 14] When the thing or the doubt that deformation was formed of ultrasonic 
impact processing arises in QA inspection of the improvement approach in a 
fatigue life according to claim 1, The roughness on the front face of processing is 
measured with a roughness meter or a laser displacement gage in measurement of 
the deformation formed in the surface of metal. The improvement approach in a 
fatigue life characterized by distinguishing what the deformation formed for of 
ultrasonic impact processing by checking that the front face is smooth rather 
than other parts which are not processed about the direction which crosses 
formed R (radius). 

[Claim 15] When the thing or the doubt that deformation was formed of ultrasonic 
impact processing arises in QA inspection of the improvement approach in a 
fatigue life according to claim 1, By checking that measured hardness by the 
PIKKASU trial on the front face of processing etc., and surface hardness has 
hardened at less than 100% of a rate 20% or more rather than other parts which 
are not processed in measurement of the deformation formed in the surface of 
metal The improvement approach in a fatigue life characterized by distinguishing 
what the deformation formed for of ultrasonic impact processing. 
[Claim 16] the improvement approach in a fatigue life which will be characterize by 
to be show subsequent crack initiation by apply the coating which leach the 
coating of another color which direct easily outside that the microcapsule with 
which the interior of a paint film be equipped broke in the crack part , and 
generated the crack if a crack occur at the time of subsequent use to the 
ultrasonic impact processing section after QA acceptance in QA inspection of the 
improvement approach according to claim 1 in a fatigue life . 
[Claim 1 7] Metal material characterized by being processed using one 
improvement approach in a fatigue life of claims 1-16. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention raises the endurance about the fatigue 
crack in the part which starts metal material without welding of the wheel of metal 
welding products, such as axle part parts of large-sized welded structures, such 
as a bridge girder of a bridge, and an automobile, and an automobile etc., 
especially receives damage by fatigue, and relates to the metal material processed 
using the improvement approach in a fatigue life which attained reinforcement, and 
its approach. 
[0002] 

[Description of the Prior Art] The endurance of metal goods is often prescribed 
by fatigue. Although it is common to enlarge a cross section in design and to carry 
out the phenomenon of the stress in order to raise such fatigue strength, various 
improvement approaches in fatigue are taken. 

[0003] The improvement approach in fatigue is roughly divided and has grinding, a 
TIG dressing, etc. which change those with two kind, and the configuration of a 
part where fatigue poses a problem first, and lessen stress concentration. 
Moreover, there are a hammer peening to which fatigue gives compressive 
residual stress to the part which poses a problem, and makes the substantial 
repeated stress range small, a needle peening, shot peening, low-temperature 
transformation hot charge, etc. Among these, it is supposed that it has both the 
effectiveness which lessens stress concentration, and the effectiveness which 
introduces compressive stress about a hammer peening. 

[0004] Since it may become the cause by which do not set in the part where 
fatigue poses a problem in fact although the effectiveness of the approach which 
lessens stress concentration among the improvement approaches in the above- 
mentioned fatigue is clear visibly, but a kana blemish etc. worsens fatigue strength 
rather, about grinder processing etc., skill needs time amount not only for the 
need but for an activity to processing, and it becomes an increment factor in big 
cost. 

[0005] moreover, about the case where it uses for repair of a bridge in order to 
apply heat to an application site also about a TIG dressing as an expert is required 
for an activity, while working in order to prevent the hot tear of the welding 
materials resulting from stress fluctuation, it is necessary to stop traffic — etc. - 



- it becomes a too big increment factor in cost. 

[0006] saying [ that it is difficult to be hard to measure the effect of / after 
processing /, and to guarantee effectiveness by inspection on the other hand 
since compressive residual stress is not visible, although it is the approach of 
introducing compressive residual stress ] — a problem — becoming — decision / 
diagnostic ability from a viewpoint on quality control — in the situation at which a 
powerful engineer cannot attend, it is not usually used. 

[0007] Moreover, although the trace of processing can be enlarged and processing 
can be specified after operation in a hammer peening, since big plastic 
deformation can be given to the processing section, since it is remarkable 
because of that the blemish of the front face made at the time of processing 
brings about stress concentration on the contrary, and may reduce fatigue 
strength, and the big counteraction when giving the plastic deformation and 
workability is bad, fine control is difficult and quality control is very difficult. 
[0008] Moreover, with a dimension of 1mm or less which it is in early stages of 
[ generating ] a fatigue crack when small, in the present detection method, such 
as Penetrant Test, a magnetic particle examination, and an eddy current test, 
detection is impossible, but it is in the condition have left such a crack, and when 
using for repair especially the improvement approach in fatigue that introduces 
the above compressive residual stress, since progress of a crack cannot be 
stopped even if it applies the above-mentioned improvement approach in a fatigue 
life, it is thought that most improvement effectiveness in a fatigue life by 
compressive-residual-stress installation cannot be found. 
[0009] moreover, also about the case where compressive residual stress is 
introduced into the toe-of-weld section also about low-temperature 
transformation hot charge In high-strength steel, although effectiveness is large, 
there is a property that effectiveness will almost be lost in low-strength steel, 
Too, since the heat by welding is applied, effectiveness of the compressive 
residual stress which there is a part which the problem on construction cannot 
use easily, being, and was introduced like other approaches cannot **** easily like 
a TIG dressing. 
[0010] 

[Problem(s) to be Solved by the Invention] As mentioned above, it was a problem 
that there are mainly effectiveness on construction and a problem of skill of a 
builder, and the quality cannot be controlled quality by on the other hand 
measuring the effectiveness to the improvement approach in fatigue which 
introduces compressive stress, therefore it was difficult for the improvement 
approach in fatigue which reduces stress concentration to use such an 
improvement approach in a fatigue life generally. 

[001 1] This invention is what was made in view of the above-mentioned situation. 
As an improvement approach in fatigue While performing processing called 
ultrasonic impact processing in which the peening which hits a surface of metal is 
performed using the tool which vibrates a tip ultrasonically on the amplitude of 20 
micrometers - 60 micrometers, and the frequency of 15kHz - 60kHz By 
guaranteeing the effectiveness, it aims at obtaining metal material with the 
improvement approach in fatigue which realizes a longevity life, and the longevity 



life by it by combining pretreatment and inspection using the property given to the 
metal with which the ultrasonic impact processing processes, and conducting 
them. 
[0012] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 
problem, 1st invention is characterized by raising the fatigue life of the metal 
material concerned by performing ultrasonic impact processing and conducting QA 
inspection after that further about the part where fatigue of metal material poses 
a problem, after pretreating. 

[0013] Moreover, after the 2nd invention performs the process to which metal 
internal stress, such as plastic working, and deformation correction, heat 
treatment, welding, and surface stress change about the part which performs 
ultrasonic impact processing of metal material, and its near part, it carries out 
ultrasonic impact processing and is characterized after ultrasonic impact 
processing in pretreatment of invention of the above 1st by not to perform the 
process to which such metal internal stress and surface stress change. 
[0014] Moreover, after the 3rd invention performs the process to which metal 
internal stress, such as plastic working, and deformation correction, heat 
treatment, welding, and surface stress change about the part which performs 
ultrasonic impact processing of metal material, and its near part, it carries out 
nondestructive inspection and ultrasonic impact processing, and is characterized 
after ultrasonic impact processing in pretreatment of invention of the above 1 st 
by not to perform the process to which such metal internal stress and surface 
stress change. 

[0015] Moreover, in pretreatment of invention of the above 1st, about the part 
which poses a problem of a fatigue life, after carrying out visual inspection, a 
penetration inspection, magnetic particle inspection, an eddy current test, etc., 
4th invention will be characterized by removing the crack by the grinder, gouging, 
etc., if crack detection is carried out. 

[0016] Moreover, in crack removal of invention of the above 4th, when the 
removal depth becomes deep with 5mm or more, after the 5th invention performs 
welding padding, finishing and after carrying out visual inspection, a penetration 
inspection, magnetic particle inspection, an eddy current test, etc. further, it is 
characterized by checking that a crack is not detected flat and smooth, by the 
grinder. 

[0017] Moreover, in ultrasonic impact processing of invention of the above 1st, 
the 6th invention processes to the toe-of-weld section in the weld zone of metal 
material, the HAZ section, and a weld zone, introduces compressive residual 
stress, defangs the minute defect used as the origin of fatigue generating while 
making it deform a configuration so that it may are hard to produce stress 
concentration, and it is characterize by controlling crack initiation. 
[0018] The 7th invention is set to ultrasonic impact processing of invention of the 
above 1st. Moreover, the saw of metal material, While making it deform so that it 
may process to the cutting plane by cutting by shear, gas, laser, the plasma, etc., 
and its near and stress concentration cannot produce a configuration easily 
Compressive residual stress is introduced, the minute defect used as the origin of 



fatigue generating and the part hardened extremely are defanged, and it is 
characterized by controlling crack initiation. 

[0019] Moreover, in ultrasonic impact processing of invention of the above 1st, 
the 8th invention introduces the compressive stress by the blow which used 
ultrasonic impact processing for the crack below the limit of detection in 
nondestructive inspection, and is characterized by stopping progress. 
[0020] Moreover, 9th invention is characterized by introducing the compressive 
stress by blow into the crack below the limit of detection in nondestructive 
inspection, and stopping progress more certainly by performing ultrasonic impact 
processing more than a two pass about the same part, about the part of the 
structure with which we are anxious about generating of a fatigue crack, and a 
structure article, in ultrasonic impact processing of invention of the above 1 st. 
[0021] Moreover, the 10th invention uses templating material, such as figure 
material for dentistries, in QA inspection of invention of the above 1st. about 
[ or / R (radius) at the tip of a tool ultrasonic impact processing which scanned 
with high precision measuring machines, such as a laser displacement gage, and 
took the mold of the configuration after ultrasonic impact processing, and the 
aspect of affairs of the processing side used for processing, and ] — I am doing 
one — Moreover, by checking having produced plastic deformation from before 
processing in a depth of 0.05mm or more, a configuration is improved in the part 
which processed and it is characterized by checking that the fatigue life has 
improved by having introduced compressive residual stress. 

[0022] When ultrasonic impact processing is performed as a stationary process, in 
QA inspection of invention of the above 1st, the 11th invention Moreover, the 
check of an ultrasonic impact processing tip tool and the check of a device output 
setup, When the configuration has been improved in the part which processed and 
compressive residual stress was introduced by the check of generating of the 
plastic deformation in the processing part by viewing, the description of checking 
that the fatigue life has improved is carried out. 

[0023] Moreover, when the thing or the doubt that deformation was formed of 
ultrasonic impact processing produces the 12th invention in QA inspection of 
invention of the above 1 st, By checking that the organization is doing grain 
refining of the processing front face in measurement of the deformation formed in 
the surface of metal rather than other parts which gaze at the organization on the 
metaled front face of the maximum, and are not processed by the sump method It 
is characterized by distinguishing what the deformation was formed for of 
ultrasonic impact processing. 

[0024] Moreover, when the thing or the doubt that deformation was formed of 
ultrasonic impact processing produces the 13th invention in QA inspection of 
invention of the above 1 st, By checking that the organization is doing grain 
refining of the processing front face in measurement of the deformation formed in 
the surface of metal rather than other parts which measure the particle size on 
the metaled front face of the maximum, and are not processed by the ultrasonic 
particle-size metering device It is characterized by distinguishing what the 
deformation was formed for of ultrasonic impact processing. 
[0025] Moreover, when the thing or the doubt that deformation was formed of 



ultrasonic impact processing produces the 14th invention in QA inspection of 
invention of the above 1 st, The roughness on the front face of processing is 
measured with a roughness meter or a laser displacement gage in measurement of 
the deformation formed in the surface of metal. By checking that the front face is 
smooth rather than other parts which are not processed about the direction which 
crosses formed R (radius), it is characterized by distinguishing what the 
deformation was formed for of ultrasonic impact processing. 
[0026] Moreover, when the thing or the doubt that deformation was formed of 
ultrasonic impact processing produces the 15th invention in QA inspection of 
invention of the above 1 st, By checking that measured hardness by the PIKKASU 
trial on the front face of processing etc., and surface hardness has hardened at 
less than 100% of a rate 20% or more rather than other parts which are not 
processed in measurement of the deformation formed in the surface of metal It is 
characterized by distinguishing what the deformation was formed for of ultrasonic 
impact processing. 

[0027] Moreover , the 16th invention will carry out that subsequent crack 
initiation be show as the description by applying the coating which leach the 
coating of another color which direct easily outside that the microcapsule with 
which the interior of a paint film be equipped broke in the crack part , and 
generated the crack , if a crack occur to the ultrasonic impact processing section 
after QA acceptance in QA inspection of invention of the above 1 st at the time of 
subsequent use . 

[0028] Moreover, 1 7th invention is characterized by being the metal material 
processed using one improvement approach in a fatigue life of the invention of the 
above 1-1 6th. 
[0029] 

[Embodiment of the Invention] Generating of metaled fatigue breaking is greatly 
influenced by stress concentration and residual stress. In the metal material which 
receives a load, transition serves as the bank, it serves as are recording of a slip 
band in stress raisers, and it develops into a crack, and after a crack's occurring, 
it progresses and goes. It is thought that residual stress promotes opening of the 
generated crack while making a crack easy to exist as **** residual stress by a 
weld zone etc., to make the effectual repeated stress range usually expand, and to 
generate. Therefore, in order to raise the fatigue life of a metallic material, while 
easing stress concentration, it is necessary to bring residual stress close to a 
compression condition as much as possible. 

[0030] It pulls in a metaled weld zone with the surface type-like sudden change 
section, both residual stress exists in it, and it becomes a weak spot most in 
fatigue strength. Since the sudden change section of the shape of this surface 
type acts as notching and turns into stress raisers, plastic deformation will be 
given to these stress raisers and forming the front face in which the gently- 
sloping toe-of-weld radius was formed of the big curved surface will ease stress 
raisers. Moreover, if plastic deformation is given in the metaled direction of board 
thickness at this time, compressive force will be introduced by restraining that 
plasticity-ized metal with a surrounding metal. 

[0031] Moreover, since the surface sudden change section, and the tensile stress 



and shearing stress accompanying cutting exist also in a metaled amputation 
stump side, it becomes a fatigue-weak spot. This also gives plastic deformation in 
the direction of a right angle to an end face. Or installation of a configuration 
improvement and compressive stress can be performed by giving plastic 
deformation so that the angle of an end face may be carried out on a curved 
surface. 

[0032] There is processing called ultrasonic impact processing in which the 
peening which hits a surface of metal as a means which makes such plastic 
working to a metal possible using the tool which vibrates a tip ultrasonically on the 
amplitude of 20 micrometers - 60 micrometers and the frequency of 15kHz - 
60kHz is performed. By using this technique, plastic working can be carried out to 
a surface of metal, and compressive residual stress can be introduced into a 
depth of about 1.5mm. 

[0033] The technique of this ultrasonic impact processing has realized same 
plastic deformation by dealing 10,000 blows or more for the energy of one blow to 
a small change in 1 second once, although the basic mechanism about a hammer 
peening and the improvement in fatigue strength does not change fundamentally. 
And since 1-time 1 time of striking power is small, there is almost no 
counteraction produced to a device, and it is very advantageous in respect of 
usability and workability as compared with a hammer peening. 
[0034] Moreover, I hear that processing called this ultrasonic impact processing 
has dealt a blow of very many counts to this surface of metal, and it has brought 
about the effectiveness it is ineffective to the conventional hammer peening to a 
steel-materials front face. Moreover, the effectiveness it is ineffective also to the 
conventional shot peening is brought about because 1 time of 1-time blow energy 
is larger than shot peening. 

[0035] First, the homogeneity of processing is acquired by striking many front 
faces in a count. If a hammer peening also carries out number pass on the same 
line, it is known that a certain amount of homogeneity will be acquired, but the 
number of blow cycles of ultrasonic impact processing is 15-60kHz, and the 
homogeneity acquired is in completely different level from a hammer peening, and 
if a process speed is about 0.5m/minute, it will hardly leave finishing and a defect 
at all to homogeneity for a surface of metal. 

[0036] Moreover, the front face after the processing has remarkable smoothing. 
drawin g 2 (a) and (b) — ** — when the smoothness of the surface of metal 
before and behind last processing is measured, it turns out that smoothing after 
processing by ultrasonic impact processing is more remarkably [ than the surface 
of metal after grinder finishing ] smooth. 

[0037] Moreover, when the organization of the surface of metal after processing 
repeats many plastic working using a supersonic wave shows that an organization 
becomes fine remarkably. (SurfaceNanocrystallization(SNC)of metallicMaterials- 
Presentation of the Concept behind a New Approach,J.Master.Sci.Technol.Vol.15 
No.3,1999) 

[0038] As a result of using ultrasonic impact processing for steel materials for the 
purpose of the improvement in fatigue, it is before and after processing and the 
steel-materials organization is actually changing a lot. Especially the effectiveness 



that makes such an organization of steel materials fine has the remarkable 
organization of steel materials in the HAZ section near [ which is made big and 
rough ] the welding, the particle size of HAZ usually made big and rough to 100 
micrometers is small after processing of ultrasonic impact processing at the 
dimension to the extent that particle size is hardly unobservable, and the peculiar 
steel-materials organization is attained by ultrasonic impact processing. 
[0039] Moreover, in connection with the organization of the steel materials in the 
front face of steel materials becoming fine, hardness increases by ultrasonic 
impact processing. Although distribution of the hardness of the base material 
section after ultrasonic impact processing, the molten metal section, and the HAZ 
section is shown in drawin g 3 , about the strong steel well used especially for a 
welded steel structure, it turns out that hardness is increasing 20% or more. 
Although hardness may increase to the twice [ about ] before max and processing 
depending on others, the quality of the material, and the processing time, it did 
not necessarily become martensite hard this and weak, and since it is the 
effectiveness by grain refining, and work hardening by are recording of transition, 
it is not mainly the increment in the hardness of a class which brings about weld 
cracking. 

[0040] Fatigue breaking of a steel plate consists of crack initiation and progress. It 
becomes a crack initiation life and all the lives to which the sum total of a crack 
progress life results in a fatigue crack. And the crack which the crack generated 
in many cases and was generated from stress concentration and the part where 
residual stress is severe continues progress further, and, finally results in fracture 
of a member. In order to raise the life of fatigue breaking of a steel plate, it is 
required to control generating of a fatigue crack and progress of a fatigue crack. 
[0041] However, once a crack usually occurs in steel materials, the stress 
concentration in that tip of a crack is very large, and it is made very difficult to 
stop this advance. For example, even if it opens a stop hole at a tip and screws up 
the hole with a high strength bolt, when it leaves a crack tip, a crack progresses 
and cutting is even in the interior of a bolt. 

[0042] When the early fatigue crack which is in the condition of the crack at the 
time of turning and detecting generating by strain measurement under fatigue test 
of a welding specimen if the early fatigue crack was observed is observed, it 
turned at this time and about ten percent of the ordinary fatigue life in welded 
spice has passed, and the remaining life of 90 percent is a progress life of this 
crack, and unless this crack is removed, it is in the condition of almost being 
decided. 

[0043] However, the crack of this condition is undetectable in usual Penetrant 
Test and a magnetic particle examination. Supposing it performs the hammer 
peening and shot peening which are the improvement technique in a fatigue life 
conventional in this condition , in order to process with this crack leave , in the 
processing side , plastic deformation has arise seemingly , but since progress of a 
crack is not stop , an improvement effect has only reduction extent of the stress 
concentration by configuration amelioration , and it can consider the situation that 
it is almost inelastic in a life . 

[0044] However, if ultrasonic impact processing is performed also in this condition, 



in order to introduce the compressive stress by plastic deformation to a depth of 
about 1.5mm, a crack is struck and crushed and it can prevent from carrying out 
opening of the crack tip. Of course, although a hammer peening also has the depth 
possible for the depth which can introduce compressive stress more than 
comparable, a hammer peening has unevenness in a treatment effect, it is thought 
that there are many parts which it leaves, without the ability striking a crack, and 
since the count of a blow is remarkable and there are as mentioned above, the 
point and ultrasonic impact processing can control opening of a crack to 
homogeneity. [ many ] 

[0045] Therefore, in order to acquire the improvement effectiveness in a fatigue 
life effectively, it is a base to process ultrasonic impact processing in the weld 
metal section and the HAZ section focusing on the toe-of-weld section of a weld 
zone about a weld metal product. But the interface of the weld metal which 
becomes a fatigue-weak spot, and HAZ is strengthened to fatigue, and the bad 
influence of the hot tear produced on a weld metal section front face can also be 
eased remarkably. However, since it is thought that it has almost no effectiveness 
about a low-temperature hydrogen crack, cautions are required. 
[0046] Moreover, even if there is no welding, in order to acquire a fatigue life 
effectively to the fatigue from the cutting plane by the saw of the metal used as a 
fatigue-weak spot, shear, gas, laser, the plasma, etc., ultrasonic impact processing 
is performed to an amputation stump side. While this eases the excessive tensile 
stress which goes into an end face with cutting, and shearing stress and 
introducing compressive stress, the layer which especially operates orthopedically 
on a gently-sloping curved surface by plastic deformation, and produces stress 
raisers, such as weld flash made with cutting, in an end face in connection with 
the cutting process accompanied by the input of heat, such as gas, laser, and 
plasma, and which was hardened extremely can be defanged. Although it was 
required to raise an output too much and to warn against giving deformation 
harmful to an end face at this time, there was little counteraction and it was 
becoming possible at last by the ultrasonic impact processing with easy control, 
this could not be performed by the conventional hammer peening and 
effectiveness did not go up it by shot peening. 

[0047] In order to raise control nature more or to prevent excessive plastic 
deformation, the more positive improvement effectiveness in a fatigue life can be 
acquired [ the case where he wants to raise homogeneity more in the processing 
in such a weld zone, the amputation stump section, etc. although an one pass is 
also enough as the count of processing in 1 processing line, and ] by performing 
two processings or more to the same line top to press down the input control 
power per processing. 

[0048] It can distinguish whether it is what is depended on ultrasonic impact 
processing about the trace of the plastic deformation produced in the surface of 
metal comparatively easily by observing the roughness of a processing surface of 
metal, hardness, and an organization condition (particle size) since a unique 
change is produced as compared with the effectiveness according [ a metaled 
organization ] by ultrasonic impact processing to the improvement processing 
technique in a fatigue life of other compressive-stress installation systems as said 



explanation. 

[0049] The surface state after such processing is possible also for creating a 
duplicate like a sump method and carrying out organization observation, and it 
scans with a displacement gage etc. and it can also be measured directly. 
Moreover, hardness is easily measurable using a VIKKASU trial etc. Furthermore, 
if only particle size is measured, use of the particle-size measuring machine using 
a supersonic wave etc. is simple. 

[0050] Moreover, the degree of stress concentration is easily attained by 
measuring the configuration after processing. When the situation of the weld zone 
toe of weld before and behind processing is observed, it turns out that the toe- 
of-weld configuration is deforming according to the configuration of a processing 
tip tool. The more the curvature which the curved surface formed in stress raisers 
of ultrasonic impact processing has is large, of course, the more a stress 
concentration factor falls, but in ultrasonic impact processing, for a certain 
reason, experientially, if relation with the compressive stress introduced also 
processes by the tool in which R (radius) has the curved surface which is 0.5mm - 
about 3.0mm, since the improvement effectiveness in fatigue is high, stress 
raisers will be processed in general for it with this curvature. 
[0051] And the magnitude of the compressive stress introduced is guessed by 
which was deformed plastically in the metaled depth direction after processing 
from the front face before processing. Although it is thought that the compressive 
force fundamentally introduced the more the more the plastic deformation 
irreversible deformation to the depth direction is large increases Although the 
plastic deformation depth will become small if the plastic deformation depth is 
large if its R is small, since the plastic deformation irreversible deformation formed 
of ultrasonic impact processing as mentioned above and the improvement 
effectiveness in fatigue acquired by it are related also to the curvature which a 
tool has, and R is large Experientially, if the plastic deformation depth has R in 
0.05mm or more and 1.0mm or less extent by 0.5mm - about 3.0mm, the 
improvement effectiveness in fatigue will fully be acquired. 

[0052] It is common to create and inspect a duplicate using an indeterminate form 
ingredient like the figure material for dentistries, and although the configuration 
after such processing is easy, it is possible also for scanning with a laser 
displacement gage etc. and measuring directly. 

[0053] However, it is related, when the device of ultrasonic impact processing is 
installed in Rhine of works and is making metal material newly. Inspection of the 
crack in pretreatment is replaceable by the check of the existence of the harmful 
blemish in viewing of level to the usual ingredient, and also in the quality control 
after processing, since the processing by ultrasonic impact processing is clear It 
is replaceable with the check of the tip tool of ultrasonic impact processing, the 
check of the output setup, and the product in viewing only by the check of the 
existence of plastic deformation generating by ultrasonic impact processing. 
[0054] That it must mind by the improvement technique in a fatigue life of giving 
compressive residual stress needs to make it bending of an and also [ it is the 
need ], correction, heat treatment, and not change according to the process 
further accompanied by plastic deformation, such as welding, because of 



manufacture of the compressive residual stress introduced by ultrasonic impact 
processing of the metal material about the near part which may affect the part 
which performs ultrasonic impact processing of the metal material, and its part. 
That is, about the part concerned, after clearing up all those processes, it is 
required to observe the sequence of finally performing ultrasonic impact 
processing. 

[0055] After checking having the engine performance predetermined by QA 
inspection, there is a means which heightens the effectiveness further. It is giving 
functionality to the paint performed to a processing part after processing. The 
microcapsule to which the coating of another color was paid can be made to mix 
in paint. This becomes possible [ leaching an internal coating ] by breaking a 
microcapsule by the stimulus to the paint from the outside. 

[0056] As such functional paint, when a crack arises, as a microcapsule breaks by 
the strain produced in the paint, if what is called the smart paint (US 5,534,239) in 
which the location of a crack can be shown is applied to the location of ultrasonic 
impact processing, it will become easy to carry out viewing and the inspection 
after the beginning of using will become easy. 

[0057] Drawing 1 shows the improvement approach in a fatigue life of the 
invention in this application with a flow chart. Using the property which ultrasonic 
impact processing in which it explained above has, it is specifying in order of 
pretreatment, ultrasonic impact processing, and quality inspection greatly so that 
the improvement effectiveness in fatigue may be acquired certainly. 
[0058] The fatigue experiment was conducted in order to check the effectiveness 
acquired by this invention. Since this fatigue experiment performed fatigue loading, 
and performed the magnetic particle examination as pretreatment after that and a 
fatigue crack was not probably found in it at that time until initial fatigue occurred, 
there is especially no removal of a fatigue crack etc., and ultrasonic impact 
processing is performed, and a fatigue experiment is conducted again. The fatigue 
crack introduced with the first loading was defanged, and the fatigue life improved 
from 300,000 times to 1,500,000 times or more and 5 or more times by 200MPa(s). 

[0059] Since the description of this invention can be defanged by the plastic 
deformation to the tip of a crack, and installation of compressive stress if it is the 
fatigue crack of undetectable level, unlike the usual technique, it can be 
processed as a fatigue generating precaution also with the part where the crack is 
not discovered at the time of inspection. By this, since improvement in fatigue can 
be expected, long spacing of the periodic check in connection with fatigue of the 
metal goods which processed can be taken, and reduction of a maintenance cost 
is attained. 

[0060] Moreover, reduction of a maintenance cost is attained by applying a 
functional coating which makes crack inspection easy after processing. 
[0061] Thus, the metal goods processed using this invention can secure the 
fatigue life of 3 times or more certainly in the field of the repeat operating stress 
used for usual. 
[0062] 

[Effect of the Invention] Thus, by combining the new improvement approach in a 



fatigue life of ultrasonic impact processing with the quality inspection method 
after suitable pretreatment and processing, irrespective of the existence of 
establishment, repair, and welding etc., the fatigue which occurs from a surface of 
metal certainly is controlled, and, according to the improvement technique in a 
fatigue life concerning this invention, and the metal goods processed by it, the 
remarkable effectiveness that improvement in a fatigue life can be aimed at is 
done so. Moreover, since improvement in fatigue strength can be aimed at also 
where the fatigue crack of the small dimension which cannot be detected by the 
conventional nondestructive inspection is left, By becoming possible [ without 
waiting for generating of a detectable fatigue crack ] to apply this improvement 
technique in fatigue to metal goods preclusively, and applying further the 
functional coating which makes discovery of a subsequent crack easy after 
processing Especially about structural steelworks, such as a bridge, it becomes 
reducible [ a maintenance cost ]. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 1] Drawing having shown the improvement approach in a fatigue life of 
the invention in this application with the flow chart. 

[Drawing 2] Drawing showing the smoothness of the surface of metal after grinder 
finishing, and the smoothness of the surface of metal after ultrasonic impact 
processing of the invention in this application. 

[ Drawing 3] Drawing which compared the hardness of the surface of metal before 
and behind ultrasonic impact processing of the invention in this application. 
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